INTRODUCTION {#sec1-1}
============

The magnitude of malaria in terms of morbidity and mortality in humans makes it a major public health problem in tropical and subtropical countries. More than half a million people die every year as a result of malaria. Africa faces the greatest impact of the disease.\[[@ref1][@ref2]\] The main reason for the dramatic increase in deaths from malaria in Africa is attributed to the alarming spread of drug resistance and limited number of effective antimalarial drugs.\[[@ref3]\] In Ethiopia, malaria is one of the most important public health problems occurring in more than 75% of the landmass. Approximately, 52 million people (68%) of the total population live in areas at risk of malaria, primarily at altitudes below 2000 m.\[[@ref4]\] This makes malaria the number one health problem in Ethiopia, and WHO has estimated 4,068,764 malaria cases and 1581 deaths in Ethiopia in 2010.\[[@ref5]\]

The ever-increasing resistance of malarial parasites to the commonly available antimalarial drugs has necessitated the search for new drugs. Traditionally used medicinal plants have played an important role in malaria treatment in most African countries including Ethiopia.\[[@ref6]\] *Aloe citrina* Carter and Brandham, locally known as "Hargissa," is one of the indigenous *Aloe* species of Ethiopia. It grows in an open deciduous Bushland, with pubescent and papillate flowers, prominently spotted leaves and the relatively long pedicels.\[[@ref7]\] People who live in and around Sof Omar caves in Bale Zone use leaves of the plant for the treatment of wounds, malaria, eye infections, and abdominal pain.\[[@ref8]\] In this context, our present work has focused on the isolation and structural characterization of an antimalarial compound from the leaf latex of *A. citrina*.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant material {#sec2-1}
--------------

The leaf latex of *A. citrina* was collected in December 2011 from Bale region, Sof Omar caves 110 km east of Bale Robe. The identity of the plant material was confirmed by Prof. Sebsebe Demissew, the National Herbarium, Department of Biology, Addis Ababa University (AAU) where voucher specimen (collection number: BG001) was deposited.

Spectroscopic analysis {#sec2-2}
----------------------

NMR spectra were recorded on Bruker Avance DMX400 FT-NMR spectrometer operating at 400 MHz for ^1^H and 100 MHz for ^13^C at room temperature using MeOH-*d~4~*. NMR signals were referred to internal standard, tetramethylsilane. Chemical shifts are reported in d units. Mass spectra (MS) were recorded on ultimate 3000 LC-MS. The measurement was carried out by an electrospray ionization (ESI) method with negative mode. The source voltage and temperature were fixed at 3 kV and 250°C.

Experimental animals {#sec2-3}
--------------------

Male and female Swiss albino mice, weighing 22--30 g and age of 6--8 weeks, were used in the study. The mice were obtained from the animal house of the Department of Biology, College of Natural Sciences, AAU. The mice were housed in an air-conditioned room and were allowed to acclimatize for 1-week before the commencement of the study and were fed with standard commercial pellet food and tap water *ad libitum*. All procedures complied with the guide for the care and use of laboratory animals\[[@ref9]\] and approved by the Institutional Review Board of the School of Pharmacy, AAU.

Parasite {#sec2-4}
--------

*Plasmodium berghei* ANKA strain (chloroquine sensitive) was obtained from Department of Biology, College of Natural Sciences, AAU. It was subsequently maintained in the laboratory by serial blood passage from mouse to mouse on weekly bases.

Extraction of the latex {#sec2-5}
-----------------------

Latex was collected from the leaves of *A. citrina* by cutting and arranging the leaves concentrically around a depression in the soil, which was covered with a plastic sheet. It was then left in open air for 3 days to allow evaporation of water, which yielded a dark brown powder.

Isolation of a compound {#sec2-6}
-----------------------

The latex was dissolved in methanol and directly applied to preparative thin layer chromatography plates over silica gel using chloroform and methanol mixture (4:1) as a solvent system. Chromatograms were visualized under ultraviolet light at 254 and 366 nm.

Acute oral toxicity test {#sec2-7}
------------------------

Fifteen female Swiss albino mice were randomly divided into three groups of 5 mice/cage. Before the administration of a single dose of the latex, the mice were fasted for 24 h, and then the first group was given distilled water, the second group was given the leaf latex of *A. citrina* at a dose of 2000 mg/kg dissolved in distilled water orally. The third group was given the leaf latex at a dose of 5000 mg/kg dissolved in distilled water. The mice were observed continuously for 1 h after administration of the latex; intermittently for 4 h, over a period of 24 h and for 14 days. The mice were observed for gross behavioral changes such as loss of appetite, hair erection, lacrimation, tremors, convulsions, salivation, diarrhea, mortality and other signs of toxicity.\[[@ref10]\]

*In vivo* antimalarial assay {#sec2-8}
----------------------------

The antimalarial activity against *P. berghei* infection was evaluated using a 4-day suppressive standard test as described by Peter and Anatoli.\[[@ref11]\] Blood was taken from a donor mouse with rising parasitemia level of approximately 40% parasitized erythrocytes. The blood was then diluted with the normal saline medium and hence that each 0.2 ml contained approximately 10^7^ infected red blood cells. Each Swiss albino mouse (male) weighed 22--30 g was infected with 0.2 ml (10^7^ parasitized erythrocytes) *P. berghei*, which was expected to produce a steadily rising infection in mice.

The infected mice were weighed and divided into five groups of 5 mice/group. Three test groups and two control groups (one for the vehicle that serves as a negative control and the other for the standard drug, chloroquine, which serves as a positive control) were used for each sample. The latex and isolated compound at doses of 100, 200 and 400 mg/kg of body weight per day, and the vehicle (0.5 ml distilled water) and the standard drug chloroquine at a dose of 25 mg/kg/day were prepared.

The above treatment was continued for 4 consecutive days with an interval of 24 h starting from 3 h after the infection carried out on day 0. Twenty-four hours after the last treatment (5^th^ day), thin smears of blood films were obtained from the peripheral blood of tail of each mouse. The smear was placed on microscopic slides, fixed with methanol and stained with 10% Giemsa at pH 7.2. The numbers of parasitized erythrocytes in each of the four fields of the microscope were counted 3 times and the average was calculated to give the parasitemia of the individual animal.\[[@ref11][@ref12]\]
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Statistical analysis {#sec2-9}
--------------------

Results of this study were expressed as mean ± standard error of mean (M ± SEM). Data were analyzed using windows SPSS version 20 (IBM Company). Comparison of parasitaemia among groups and statistical significance was determined using one-way ANOVA and Student\'s *t*-test at a 95% confidence interval (α =0.05). The results were considered significant when *P* \< 0.05.

RESULTS AND DISCUSSION {#sec1-3}
======================

Acute toxicity {#sec2-10}
--------------

No significant signs of adverse toxicity or mortality were observed in mice after oral administration of the latex of *A. citrina*, up to a dose of 5000 mg/kg, indicating that the oral LD~50~ value of the latex is \>5000 mg/kg. However, minor signs of toxicity such as temporary hair erection and diarrhea were noted in limited number of experimental animals. Plants or plant products with LD~50~ values higher than 2000--3000 mg/kg are generally considered to be free of any toxicity.\[[@ref13]\]

Structural elucidation {#sec2-11}
----------------------

Compound 1 was obtained from the latex as a yellow amorphous solid with an R~f~ value of 0.66 (chloroform/methanol, 4:1). A molecular formula of C~22~H~24~O~9~ was established by ESI tandem mass spectrometry (*m*/z 431 \[M-H^−^), ^1^H and ^13^C NMR spectral data. However, the numbers of protons and carbons signals in the ^1^H and ^13^C NMR spectra \[[Table 1](#T1){ref-type="table"}\] of compound 1 do not match with the protons and carbons proposed in the molecular formula above. A close analysis of the spectra indicated that most of the signals occurred in pairs, indicating that compound 1 is a mixture of two related substances. Thus, compound 1 was unequivocally identified as the known anthrone, homonataloin A/B, by comparing its ^1^H and ^13^C NMR data with those data previously reported for the same compound \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref14]\]

###### 

^1^H and ^13^C NMR spectral data of compound 1
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![Chemical structures of homonataloin A/B](ASL-34-142-g004){#F1}

*In vivo* antimalarial activity {#sec2-12}
-------------------------------

*In vivo* antimalarial activity of the leaf latex of *A. citrina* against chloroquine sensitive *P. berghei* was assessed using a 4-day suppression test. As shown in [Table 2](#T2){ref-type="table"}, the latex showed chemosuppression at doses of 100, 200 and 400 mg/kg/day. After 4 days of treatment at different doses, the mean parasitemia of the treated groups lowered from 22.81 ± 0.60% to 11.80 ± 0.36%, which was significant (*P* \< 0.001) when compared to the negative control. Maximum parasite suppression (60.59%) was achieved by the latex at a dose of 400 mg/kg, while chloroquine at a dose of 25 mg/kg totally cleared the parasite on day 4, which was significant (*P* \< 0.001) when compared to those groups treated with the latex. In general, the results of the *in vivo* evaluation indicated that the latex exhibits blood schizonticidal activity, which was also noted in other *Aloe* spp. such as *A. debrana*, which caused parasitemia suppression of 73.95% at a dose of 600 mg/kg\[[@ref15]\] and *A. otallensis* which induced 60.70% suppression at a dose of 300 mg/kg. \[[@ref16]\]

###### 

Antimalarial activity of the latex and homonataloin A/B isolated from the leaves of *Aloe citrina* in mice infected with *Plasmodium berghei*
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According to Deharo *et al*.,\[[@ref17]\]*in vivo* antiplasmodial activity can be classified as moderate, good, and very good if an extract displayed percent parasite suppression ≥50% at a dose of 500, 250 and 100 mg/kg body weight/day, respectively. Based on this classification the leaf latex of *A. citrina* can be considered as a good antiplasmodial agent. The activity of the latex may be due to the presence of anthrones, which are characteristic constituents of the genus *Aloe*.\[[@ref18]\] Thus, homonataloin A/B, which was isolated from the leaf latex of *A. citrina* was tested for its chemosuppression effects at doses of 100, 200 and 400 mg/kg/day. After a 4 days treatment with different doses of this compound, the mean parasitemia was lowered from 18.74 ± 0.61% to 8.03 ± 0.03% with maximum parasite suppression (67.52%) at a dose of 400 mg/kg/day \[[Table 2](#T2){ref-type="table"}\]. All groups of mice treated with homonataloin A/B showed significant reduction of parasitemia (*P* \< 0.001) when compared to the negative control. These results indicated that the isolated compound possesses blood schizonticidal activity on early infection of mice with *P. berghei*.

Anthraquinones and anthrones are known to exhibit antiplasmodial activity.\[[@ref19][@ref20]\] For example, several anthraquinones isolated from the root extract of *Rennellia elliptica* Korth were found to inhibit strongly *in vitro* growth of a chloroquine sensitive strain of *P. falciparum* (3D7).\[[@ref21]\] Similarly, aloe saponarin I isolated from *A. saponaria* has been reported to possess a good antiplasmodial activity against the *P. falciparum* Dd2.\[[@ref19]\] 10-(Chrysophanol-7′-yl)-10-(β)-hydroxychrysophanol-9-anthrone and chryslandicin, isolated from the root of *Kinphofia foliosa* have also been found to display a strong *in vitro* antimalarial activity against the chloroquine-sensitive 3D7 strain of *P. falciparum*.\[[@ref22]\]

One of the effects of malaria is a reduction of body weight. In the present investigation, weight difference of the infected mice before and after administration of the latex of *A. citrina* was recorded. As shown in [Table 3](#T3){ref-type="table"}, mice which received the vehicle (negative control) and treated with the latex with the exception of the group treated with 100 mg/kg of the compound, showed weight loss on the 5^th^ day of infection. The latter showed statistically significant (*P* \< 0.05) improvement of weight when compared to the weight before treatment. However, mice treated with 25 mg/kg chloroquine showed significant (*P* \< 0.01) weight gain and higher weight increment than those received 100 mg/kg of the latex. Animals treated with the latex decreased their weight with increasing dose implying the possible appetite suppressive effects of the latex. Similar results have been reported in the literature,\[[@ref23][@ref24]\] whereby the percent weight loss preventive effect of the butanol fraction of *Asparagus africanus* declined with increasing dose.

###### 

Body weight of *Plasmodium berghei* infected mice after administration of the latex and homonataloin A/B isolated from the leaves of *Aloe citrina*
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[Table 3](#T3){ref-type="table"} also depicts that mice treated with different doses of homonataloin A/B lost weight on the 5^th^ day of infection. The loss of weight was found to be dose-dependent with the maximum weight loss observed on animals treated with 400 mg/kg of the pure compound. In all compound and vehicle-treated groups the loss of weight was significant (*P* \< 0.05). The loss of weight by homonataloin A/B treated mice could be attributed to the appetite suppressing effect of the compound as toxicity may be ruled out based on the results obtained from acute toxicity tests.

Homonataloin A/B contains a chelating moiety (C‑1 hydroxy-C‑9 ketone combination), which is thought to be responsible for the antiplasmodial activity of potent compounds such as rufigallol.\[[@ref25]\] Therefore, the mechanism by which homonataloin A/B exerts its antimalarial action could be similar to that of rufigallol, which has been shown to involve chelation of iron, an essential element for cellular metabolism and DNA synthesis of the parasite.

CONCLUSION {#sec1-4}
==========

Results of this study confirm the genuine antiplasmodial activity of the latex of *A. citrina*, which has been shown to contain the anthrone, homonataloin A/B as a major constituent. The investigation also proved that the antimalarial activity of *A. citrina* could be attributed in part or in full to the presence of homonataloin A/B in the latex.
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